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Hi Peter,

| have attached a .pdf file of a report Nancy Dorsey just forwarded to me, and I pulled out one of the images in the report which shows that there is at least some faulting present in southern Parker County, and that regionally,
faulting orients in approximately the same orientation we discussed yesterday. Hope it is useful to your analysis. Thanks for the seismic file. | have not seen it before.
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5" fan-delta complexes.

RODUCTION

vvvvv : Fort Worth Basin is a Paleozoic foreland basin located
¥ nirai Texas (fig. 1). It is bounded on the east by the

la Thrust Belt, on the north by the Red River-Electra
nster Arches, on the west by the Concho Platform and
d Flexure, and on the south by the Liano Uplift. The
approximately 200 mi (322 km) long, and its width
1ommore than 100 mi (161 km}in the north to less than
6km)in the south. The basin covers about 20,300 mi?
). Itis deepest in the east-northeast and shallowest
Esl. This study was restricted to approximately 9,500
€4.700 km?), which constituted the northern half of the

ives

Sludy objectives ineluded (1) delineating principal

OUs depositional systems and component facies of the
£ Sl0up, (2) determining the diagenetic history of the
© hydrocarbon reservoirs, (3) tabulating Atoka
’,hﬂn production data, and (4) relating depositional,
Uc, and production trends to the distribution and
Aloka reservoir rock. This study will aid operators in
fo effectively produce from all available horizons in
2 Group, and to target areas for additional exploration
been previously overlooked.

e Fort Worth Basin, in North-Central Texas, is a late Paleozoic foreland basin that was downwarped during the
-}qy io Middle Pennsylvanian Period in response to tectonic stresses that also produced the Ouachita Thrust Belt. The
oka Group was deposited during the initial westward progradation of chert-rich terrigenous clastics derived both from
uachita Thrust Beltand locally from the Muenster Arch across the northern part of the basin. Atthe northern end of
- basin, the Atoka Group interfingers with arkosic conglomerates (granite wash) derived from the Red River-Electra .
K. The granite wash is time equivalent but constitutes a separate stratigraphic seguence.
The Atoka Group contains three distinct packages of terrigenous deposits: (1) the lower Atoka lithogenetic unit,
nlerpreted to be a fluvially dominated fan-delta system, (2) the upper Atoka “Davis" lithogenetic subunit, interpreted to
.3 system of coalesced wave-dominated deltas, and (3) the upper Atoka “post-Davis” lithogenetie subunit,
lerpreted to be a thin, poorly integrated, fluvially dominated fan-delta system.

Atoka Group sandstones are quartz-rich feldspathic (chert) litharenites, The most significant diagenetic events
- silica dissolution and cementation. Net porosities of 10 to 15 percent are the resuit of the preservation of original
osity in between quartz overgrowths and the creation of secondary porosity by chert grain dissolution. Highest
osities oceur in channel-fill and coarse-grained fan-deita plain facies,

" The Atoka Group has a cumulative production history of more than 160 million barrels (oil plus gas equivalent).
poduction and reservoir distribution and quality are facies controlled. Most oil and gas fields coincide with the
hution of lower Atoka fan-delta lobe complexes. Minor production is located along the axes of upper Atoka "post-

Methods

Because the Atoka Group does not crop out in the Fort
Worth Basin, the data base consisted of electric logs, sample
logs, and cores (fig- 2). More than- 1,000 electric logs were
used to define structural and stratigraphic boundaries of the
study area (pl. ). Seven hundred and eighty-eight electric logs
and 146 sample logs were used in map preparation.

Regional cross sections were correlated, and principal
Atoka lithogenetic units were delineated (pls. lI-X), From this
correlation framework, a structure map of the pre-Atoka
surface and isopach maps of the Atoka lithogenetic units were
constructed, These maps were rechecked to ensure correct
placement of structural features and to refine correlations.
Boundaries of structural elements, such as the Red River-
Electra and Muenster Arches, were mapped at the site of the
most basinward fault that exhibited a displacement of more
than 400 ft (122 m). Location of the Ouachita Thrust Belt was
based on findings of Flawn and others (1961). Limits of Atoka
terrigencus deposition were located where well log response
patterns indicated major changes in the physical character of
the stratigraphic sequence. The southern limit of the study
area was defined by the southern county lines of Tarrant,
Parker, Palo Pinto, and Stephens Counties. This generally
corresponds 1o a zone characterized py an abrupt breakup
and absence of key rock units and to a change in overall log
character. The northern limit of the mapped Atoka Group in
Montague, Clay, and Archer Counties was defined by a
transition from thin, individual rock units characterized by
smaooth spontaneous potential (SP) curves to thick, stacked
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1R rock units characterized by serrate SP responses. This response patterns with sample logs and deS(?rlpth’”S__
[ ™ transition marks a major change in the physical properties and cuttings and cores plus discussions with geologists familiar
_ inferred depositional style of the rock units. The western with the Fort Worth Basin about well log response tolvafIOUS\
| boundary of the study area was selected arbitrarily to coincide lithic types in the Atoka Group led to several generah;auor;s-
| with the western county lines of Stephens, Young, Archer, and (1) Sandstones and conglomerates are characterized IIE. &
I Wichita Counties. This generally conforms to the axis of the small, rounded, negative SP deflections and by ﬂ?ve
.'_1 Bend Flexure and to an area characterized by a transition from developed resistivity curves; especially high, spikey, post 2 L5
| | terrigenous- to carbonate-dominated deposition. resistivity deflections characterize conglomerates.d v
! Limestones are characterized by flat SP responses an o
Lithology cannot be determined directly from electric logs, well-developed resistivity deflections that commonly Fegw 3
: but logs consistently measure physical properties that are, in maximum positive values; however, thick limestones t€n
Il part, a product of lithic composition. Calibration of well log produce broad, rounded, negative SP curves. !
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Lithic determinations were made for each well log and
'l.gre thecked for lateral consistency by well correlation.
Ckness values for sandstones and limestones were
“imined from the resistivity curve. For consistent results,
deflections were summed only where they extended
®yond the shale baseline a quarter of the total distance from
"€ baseline to the highest resistivity deflection. Regional
Rsistency was emphasized rather than anomalous or
gnostic curves on individual logs. After net-sandstone
énd Metlimestone values were tabulated for the lithogenetic
Ihjts, S0lith maps were constructed.
mﬂvanablel cores were described in detail and were
®lated with the lithogenetic units. On the basis of lithology

and sedimentary structures, component facies were
delineated, and depositional environments were interred.

Thin sections of representative samples of the various
facies were stained to highlight orthoclase and carbonate
minerals. Standard petrographic and scanning electron
microscopy (SEM) technigues were used to determine
composition, diagenetic sequences, and distribution of
porosity. Shale composition. was determined by X-ray
diffraction of random and oriented samples.

Maps showing the distribution, type, and cumulative pro-
duction of hydrocarbon from Atoka reservoirs were con-
structed using data from the International Oil Scouts yearbook
(1978) and Raiiroad Commission of Texas field maps.






TECTONIC SETTING

The evolution of the northern part of the Fort Worth Basin is
closely related to the development of the structural elements
that form its boundaries (fig. 1). These elements exerted a
strong control on the composition and distribution of the
terrigenous depositional systems within the basin.

Regional Structural Elements

Quachita Thrust Belt

The Quachita Thrust Belt is a zone of deformed Paleozoic
rocks that mark the southern margin of the North American
craton (Flawn and others, 1961) (fig. 3). The belt is 1,300 mi
{2100 km) long and is exposed in the Quachita Mountains of
Oklahoma and Arkansas and in the Marathon Uplift of Texas.
Most of the belt, including that part adjacent to the Fort Worth
Basin, is covered unconformably by Cretaceous and
Cenozoic strata. Consequently, the belt is poorly understood
owing to limited availability of borehole and geophysical data.

The Quachita Thrust Belt has been divided into two zones:
(1) the frontal zone, characterized by sedimentary strata, and
(2) the interior zone, characterized by highly sheared slate,
phyllite, and quartzite (Flawn and others, 1961). Crustal
shortening along major faults in the frontal zone is
approximately 50 mi (80 km) in the Ouachita Mountains
{Hendricks, 1959) and approximately 15 mi (24 kmy} in the
Marathon Uplift (King, 1937).

A variety of tectonic models have been proposed to explain
the Quachita Thrust Belt (Keller and Cebull, 1973 Morris,
1974; Graham and others, 1975; Nicholas and Rozendal, 1975
Cebull and others, 1976: Walper, 1977; Viele, 1979). Most
models imply continent-continent collision during Early
Pennsylvanian time. However, the precise nature and location
of the collisional suture is currently debated, and some authors
have suggested non-collisional models,

Whatever the specific plate-tectonic setting, the Ouachita
Thrust Belt resulted from compressional deformation,and it is
a classical thin-skinned fold and thrust belt. Thrust sheets
were either (1) partially buttressed by residual, positive areas
on the craton, such as the Llano and the Belton-Tishomingo
Uplifts, or (2) thrust over salients, such as the Oklahoma
embayment. Where thrust sheets encountered a butiress,
compressive stresses resulted in uplift with normal faults
(such as in the Llano Uplift), or upiift with consequent
reactivation of old fault systems along high-angle reverse
faults. The later mode of deformation is expressed by the
extensive series of parallel, fault-bounded uplifts in southern
Oklahoma. Where thrust sheets overrode a salient, the older
carbonate platform was downwarped to form a foreland basin,
such as the Fort Worth Basin,

Along the eastern edge of the Fort Worth Basin, uplifted
thrust sheets formed a tectonic highland. This highland shed
sediment into the Fort Worth Basin during Early to Middle
Pennsylvanian time. During Middle to Late Pennsylvanian
time, the basin filled, causing a progressive westward shift of
the depocenters.

Red River-Electra and Muenster Arches

The Red River-Electra Arch is a series of discont
fault blocks that strike west-northwest. The fagig are'; |I
to have been controlled by basement fractureg maetl
initiated in the Late Precambrian ang reactivated gy
Ouachita deformation (Ham and others, 1964). As the 1
blocks were uplifted, coarse arkosic conglomerate :
wash) was shed into the northern end of the Fort Wonhg;'

The Muenster Arch consists of an ypiifieq blogkh
Cambrian-to Mississippian-age sedimentary rocks that mg
Precambrian igneous and metamorphic basement. The
strikes northwest along the trend of the Belton-Tishom
Uplift. It partially separates the Fort Worth Basin from
Marietta Basin. The southwest flank of the Muenster Ay
adjacent to the Fort Worth Basin, is bounded by g seriotl
faults that exhibit displacement down to the southwest
Displacement across these faults is estimated 1o be 5,000
(1,524 m) (Flawn and others, 1981 ).

Uplift of the Muenster Arch in response to Ouach
compressional stresses began in Late Mississippian :imeg
continued through the Middle to Late Pennsylvanian. Durl
this time the northern end of the Muenster Arch sporadiea
shed sediment into the basin, By Late Pennsylvani
{Virgilian) time uplift ceased, and the Muenster Arch
buried by Upper Canyon (Missourian Series) sedimen
(Flawn and others, 1961),

Bend Flexure

The Bend Flexure, a broad structural element on he
western margin of the Fort Worth Basin, is observed in the
subsurface as a positive, elongate ridge that strikes north o
south and plunges to the north. The structure represents the
hingeline between the subsiding Fort Worth Basin to the east
and the stable Concho Platform to the west. The hingeli
formed in Late Mississippian and Early Pennsylvanian timea
stresses generated by Ouachita deformation created the Fai
Worth Basin. During Atokan time the Bend Flexure was nota
physical barrier to sediment transport. Atokan sediment
onlapped and eventually prograded westward over it. In Lal _
Atokan time the “Caddo reef" trend developed along the axs =
of the flexure. By Late Pennsylvanian time, sedimentatlnn_.
rates exceeded basinal subsidence, the Fort Worth Basinwas -
filled, and the Bend Flexure was blanketed by terrigenous =
sediment. During Late Pennsylvanian and Permian time
North-Central Texas was tilted westward, giving the Bend
Flexure its present structural configuration (Brown and others.._
1973).

Local Structure

As the Fort Worth Basin subsided, intrabasinal faullths"
developed in response to extensional deformation (pl. X”'si
the central part of the study area, the faults strike ncrthean: a5
subparallel to the western edge of the Ouachita Thrust 5;3
and coincide with trends of major faults in the Liano UD't
These faults are inferred to exhibit normal dispfaceme;r' b
Faults are typically downthrown to the southeast. HoWeV o B
they also form an en echelon series of horsts and grabén®: ==

il
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northern margin of the basin the faults become

3 e sediment distribution. The
drallel to the Electra and Muenster Arches. These faults

most active and significant fault in

#50 inferreqd 1o pe normal, and they are downthrown
" e center of the basin,

g Early Atokan time, faulting and sedimentation were
mpﬂraneous; Consequently, major faulis controlled

the study area is the Min
informally named for the
directly underlies, exhibit
displacement.

Ouachita tecton

eral Wells fault (pl. Xi). This fault,
Texas town of Mineral Wells that it
$ approximately 300 ft (91 m) of
Terrigenous  sediment derived from the
ic highlands accumulated on the downthrown
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Figure 4, Generalized stratigraphy of the Fort Worth Basin,
including a classification of the subsurface Atoka Group (after
Turner, 1957b; Kier and others, 1980).

side of the Minerals Wells and other active faults, When

sediment accumulation began to exceed fault movement, the
fault blocks were overlapped.

STRATIGRAPHY

Paleozoic rocks in the Fort Worth Basin have a maximum
known thickness of 12,000 ft {3.658 m) (Turner, 1957b). The
Atoka Group, which composes half to three-fourths of the
Paleozoic section, is time equivalent to the Dornick Hills
Formation in the Ardmore Basin (Moore and others, 1 944)and
the Atoka Formation in the Ouachita Mountains of Okiahoma
(Hartton, 1934). This group is partially time equivalent to the
upper Marble Falls and Smithwick Formations near the Llano
Uplift (Kier and others, 1980) and gradaticnal with part of the

subjacent upper Marble Falls Formation in the Fort Worth
Basin,

Previous Work and Nomenciatyre

Subsurface Atokan strata have been callgq *
"Bend Conglomerate," "Big Saline," "Caddo ¢
“Lampasas Series,” “Marble Falls Conglomera
Group." Figure 4 summarizes the stratigraphic
of the Fort Worth Basin, including a classifi
subsurface Atoka Group. Other Classification SChemeg
have been applied to Lower to Midgle Pennsylvanian rg
Central and North-Central Texas are summarized i
These other classifications are based on outcrop studi
the Concha Platform (Eastern Shelf) and Liang Uplift ara
and are not necessarily appropriate for the Subsurface of
Fort Worth Basin (Kier and others, 1880), Additiona studie
pertaining to the Atoka Group and other Lower 1o Midg
Pennsylvanian strata are summarized in table 2. E

Beng Groyp
Ongk)me :
€. and
nomenc;
Cation of 4

Operational Nomenclature and Lithogenetic .

In this investigation, the Atoka Group is defined as st
overlying the Marble Falis or older formations and underi
the Caddo Pool ("Caddo reef”) Formation of the Strawn Groug

(Gardner, 1960),
The Atoka Group can be divided into fower and up,
lithogenetic units on the basis of differing electric log respo
patterns (fig. 5) and of stratigraphic relationsh
demonstrated on regional cross sections (pls. 11-X). Th
units form distinctive packages of terrigenous clastic sedimen
and constitute the operational units used in this investigati
The type log (fig. 5) illustrates characteristic log respon
exhibited by the two lithogenetic units and their componer
subunits. -

The iower Atoka lithogenetic unit correspond:
approximately to the Big Saline Formation. It is characteri
by a poorly developed SP curve and by thin, spikey resistiy
deflections. The lower Atoka is thickest in the southeast part3
the study area (pl. Xll) and thins to the northwest as If
orogressively onlaps older formations. The lower Atoka
preserved on the southeast flanks of the Muenster Arch, bu
was not deposited over the central and northern parts of th
uplift.

The upper Atoka lithogenetic unit corresponds to
Smithwick Formation, Atoka sand, and Atoka-Caddo facie
The upper Atcka is composed of one carbonate subunit 8
two terrigenous subunits. The carbonate subunit corresponq Y
to the Atoka-Caddo facies of the “Caddo reef” trend and 1§
characterized by massive limestones that occur along e
western and northern margins of the basin. The Atoka-Cadd
carbonate subunit will not be detailed in this report. The:
terrigenous upper Atoka subunits are (1) the upper Atoka,.
"Davis,” also known as the "pregnantshale,"characteffzed bf.l.
a weak SP curve and a resistivity curve that exh|blulrs alrl
Upward-increasing deflection, and (2) the upper Atoka IDOF;D'
Davis," characterized by spikey electric log patterns smﬂarﬂﬂ :
those of the fower Atoka lithogenetic unit, The UPDQFATOKiUm ;
is thickest in the southeast part of the study area alongthe mst
of the Ouachita Thrust Belt (pl. X111} and thins to the ﬂoﬁh“’?o 4
as it overlaps the Bend Flexure. The upper Afoka is ais E






long the southeast
Muenster Arch,

r and upper Atoka
nits interfinger with an
glomerate in the northern
Fort Worth Basin. These
and fan deltas com-
nite wash were derived
d River-Electra Arches.
they are Atokan age, their
ymposition, and deposi-
eiry are distinctly differ-
rest of the Atoka Group.
re considered a separate
ic sequence and wili not
ed in this report.

SITIONAL SYSTEMS

oka Lithogenetic Unit

er Atoka lithogenetic unit
preted to be  a  fluvially
laled fan-delta system in which
araneous faulting influenced
iribution. The lower Atoka is
rized by highly digitate
e geomelry, extensively
red terrigenous and car-
units, and progradational

el-sandstone map of the
oka (pl. XIV) indicates a
10Us depositional system with
fransport distance from
"o basin. Net-sandstone
Iy is highly digitate and
Individual sandstone units
ker in the east and
#lized by blocky electric log
' 1hat imply aggradation. To
St the sandstone units
Svely break up into a series
Scontinuous beds averaging
M) thick, and are commonly
ted with thin limestones.
Pfimary source of lower
ediment was the Quachita
Bell; depocenters were
N central Denton County,
'kerand Tarrant Counties. A
Y source of sediment was
sler Arch, which supplied a
€ in northwest Denton

Table 1. Classification schemes a

of Central and North-Central Te

pplied to Lower to Middle Pennsylvanian rocks

Xas.
{Series)
Author System | Stage Group Formation
Girty, 1P (Bend} Smithwick
19185; Marble Falls
Moore, urnnamed black shale
1918 or Lower Bend Shale
Plummer 1P Bend Smithwick
and Moore, Marble Falis
1921, Barnett Shate
Moore and
Piummer,
1822,
Gofdman, P Strawn Fm. “Milisap division"
1821, “true” Smithwick Shale
Marble Falls Lower Smithwick
Limestone
M unnamed Lower Bend Limestone
Lower Bend Shale
Cheney, P (Lampasas) | unnamed
1940, {subsurface)
Smithwick Parks
Caddo Pool
Eastland Lake
Big Saline Sipe Springs
Deleon
Spivey and | IP fAtoka) unnamed
Roberts, {subsurface}
1946. Smithwick
Marble Falls
{Morrow) unnamed
{if present)
Cheney, P {Lampasas) Kickapoo Rayville o s
1947, Creek Parks BE| B
Caddo Poof o] g
— §
Bend T Smithwick 2
o O B | &
S 8| Big Saline g S| ®
e '3 l-L..
{Morrow) i u?[ Sloan = lzan"
Plummer, P Bend or Smithwick
1947, Atoka Big Saline
Morrow Stoan
Cheney | 1P (Lampasas) & | Rayvitie
and Goss, Kickapoo ~ | Parks
1952. Creek § Caddo Pool
{Lampasas) S Smithwick
Atoka Bend Big Saline
{outcrop) Upper Marble Falls
{Morrow) Comyn (subsurface)
Lower Marble Falls
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Table 2. Summary of studies on the Atoka Group and other Lower to Middle

Pennsylvanian sirata.

Author

Study

Cummins, 1889;
Tarr, 1888;
Drake, 1892.

Described rock sequences in North-
Central Texas and designated strati-
graphic groups on the basis of
fithologic variations.

Harfton, 1934,

Discussed lithologic and microfaunal
characteristics of Bendian age rocks
in the Ouachita Mountains and applied
those characteristics to Texas strata.

Cheney and others, 1945;

Moore and Thompson, 1948,

Classified Pennsylvanian strata in the
USA with regional divisions on the
basis of paleontological features.

Thompson, 1947.

Used fusulinids to date pre-Desmoinesian
rocks in the Llano Uplift area.

Barnes, 1948.

Described the occurrence of Quachita type
“facies” in the Austin, Texas, area.

Weaver, 1956.

Discussed the distribution of Middle
Pennsylvanian strata in the Fort Worth
Basin.

Bradfield, 1957a; 1957b.

Reviewed the general stratigraphy and
structural history of Coocke and Grayson
Counties, north Texas. Includes cross
sections and a description of Atokan
age strala.

Turner, 1957a.

Suggested that the term “Lampasas
Series” was incorrectly applied to
rocks in North-Central Texas.

Tikrity, 1964.

Described the general subsurface
characteristics of middle Atokan age
rocks in the southwest quarter of Wise
County, Texas (Boonesville Bend gas
field area). Isopachs of various
intervals included.

Turner, 1970;
Watson, 1980.

Reviewed Paleozoic slratigraphy of the
Liano Uplift area with emphasis on the
Mississippian and Pennsylvanian
Periods.

Matos, 1971;
Solis, 1972.

Described the subsurface structure
and stratigraphy of the central
Fort Worth Basin.

Gee, 1976.

Described regional characteristics of
the base of Pennsylvanian-age rocks in
the Fort Worth Basin.

Ng, 1979.

Described subsurface fithologic
characteristics of the Atoka Group in
parts of Jack, Palo Pinto, Parker, and
Wise Counties, Texas. Sandstone/shale
ratios given.

Kigr, 1980.

Described retation of the Marble Falls
Formation in the Liano Uplift area

to terrigenous strata of equivalent

or similar age.

From geometries exh
sandstone andisopach maps (
may be inferred that faulting
sedimentation were contempo
fault movement exceeded sedi
sand deposition was co
downthrown side of active fg
Mineral Wells fault. This caused the sandh
to become superposed. When sediment gy
exceeded fault movement, fan-deltas contin
prograding westward across the bagin

Two principal fan-delta lobe complex
located on the northwest side of the Mine
Wells fault. The older complex, the Palg Rjnt
fan-delta lobe complex, is centered in pa
Pinto County (pl. XIV). This complex refle
progradation by terrigenous clastics deri
from the Ouachita Thrust Belt. With continy
sedimentation, stream avulsion cays
depasition to shift to the north, and a secone
delta lobe complex developed. The yol
complex, the Decatur fan-delta lobe compie;
centered in Wise County (pl. XIV). It refleg
progradation of sediment shed from both

ibiteq by

pls. Xllg
and low
faneous. [njfjalh
ment supp 52
nfined to

ults, such as

Ouachita Thrust Belt and the Muenster Arch. i
3 s

of

.2\

Limestone Distribution 3 _.-,{.e;
&y

Comparison of the net-limestone map :2‘
XV) and net-sandstone map (pl. XIV) for e
lower Atoka lithogenetic unit indicates tha by
widespread carbonate deposition was conte i
poraneous with and influenced by terrigenous o
deposition. Individual limestone units average oo
10 ft (3 m) thick or less. They occur both inc | 1
pendent of and in proximity to sandstones. Wh @
associated with sandstone, the limestone un 2
either may form an encrusting cap on top of
sandstones or may be conformably overlal
sandstone sequences.

Limestone deposits are thickest in a bro i
zone that trends northeast through Stephei P
Palo Pinto, Parker, and southern Wise Counti
and that generally parallels the Mineral Wells i
fault. The number of individual limestone units c‘;
greater on the southeast side of the Miné 5
Wells fault because of (1) the initial transitiol ]
from a carbonate to a lerrigenous-dommat.l b
environment when Ouachita-derived sediment i
was first deposited and (2) the abandonme'ﬂ-o- 6
incipient fan-delta sand lobes and subsequent E[
colonization by marine organisms. Up |
subsidence these areas of intermittent t 3
deposition provided a firm, slightly elevaisy "
substrate conducive to the growth of exten5Ih.e i
marine biotic communities. Northwest of 11€8 o

Mineral Wells fault. distribution of Iimestonedwﬁz
controlled (1) by the distribution of fan- feori
sand-lobe complexes, and (2) by the relie 3
the pre-Atoka erosional surface. i





2xhibiteg

_jF;S(pra scies assemblages exist in the lower Atoka: (1)
ngoandr clastic facles, (2) mixed terrigenous-carbonate
rany

nd (3) carbonate facies assemblages. The
istics and inferred depositional processes recorded
of each assemblage are summarized in table 3,

ilustrates the lithologic and sedimentary siructures

ized by a few of these facies,

wer Atoka facies tract is characterized by an overall

E%del ng-upward sequence of terrigenous clastics (fig. 7).
,chee : jized sequence (carbonate shelf - prodelia - distal
Co

sid ! . . iont - proximal delta front - fan-delta Iobe_:) is diagnogtic
© ofill Miner, “&e progradation of terrigenous clastics into a marine
onsequently, the sequence reflects a transition from
te-dominated environments to terrigenous-
d environments. Variations of the progradational
quence are due to the addition of facies that reflect
m events, such as storm deposits and various post-
ional modifications of fan-delta lobes. These variations
ped : : enin core (figs. 8 and 9). Storm deposits occurin the
ompany #2 Button Crowley core (5,350 to 5,352 ft)

XIV). It s _ ginthe Mitchell Energy Company #6-4 Deaver core (5,667
v 67310 5,674,5,74610 5,746.5,and 5,755 to 5,756 ft).
stional modifications include (1) fining-upward
s caused by gradual abandonment and subsidence
lobes (#2 Button Crowley core, 5,303.5 10 5,331.25 ft),
arsening-upward and fining-upward sequences
g from the deposition of delta lobes followed by rapid
ce and colonization by an encrusting veneer of
organisms (#6-4 Deaver core, 5,737 10 5,73%and 5,748
30485 ft), (3) coarsening-upward sequences that fine at
produced by the reworking of abandoned delta Iobes
ne processes (#2 Button Crowley core, 5,331.25 to
1 by ) and (4) blocky, aggradational sequences
e u);m % fiosed of composite fining-upward, blocky, and
¥ S ning-upward sub-sequences resulting from

alion by delta channel and delta-plain facies above

fan-delta lobes (#2 Button Crowley core, 5,294 to
ft).

ugh Stephe Edietive Mode!

lower Atoka lithogenetic unit is interpreted to be a
dominated fan-delta system because it exhibits
listics of both a fan-delta and a high-constructive,
delta system.
ellas are alluvial fans that prograde into-a standing
Water (Holmes, 1965; McGowen, 1970). They are
'l2éd by braided distributary channels, flashy
€ with sediment deposited abruptly during periods of
eet flow, angular and coarse-grained sediment, and
nerfingering  of coexisting terrigenous and
€ facies. Fan deltas commonly occur adjacent to
¥ aclive sources, and the short transport distance
U'C 1o basin results in poorly developed alluvial-
i Plain facies,
bfctnhe-r deltas, fan deltas exhibit 2 geometry that is a
» "M inferaction of fluvial, wave, and tidal processes.
leraction and balance of these processes combined

STANDARD-FRYER DRILLING CO.
#/ M. D. Cansler
Boonesville Field , Wise County, Texas

SP R

STRAWN GROUP

44401t Caddo Pool Formation
(-36101t) 2
n
-
a
-
o :n'
4900 ft o
(-4070ft) n
]
3
_CI
5220 ft ( A
(=%
(~4390f1) 3 —
(4]
2
g
g
-
623011 y
{-5400ft)

Marble Falls Formation

Figure 5. Type log for the Atoka Group, Fort Worth Basin. Log
iltustrates lithogenetic units and component subunits used in this
study. Log is located in the central part of the study area. In other
parts of the basin the Atoka Group may overlie the Chappel
Limestone, Comyn Limestone, or Barnett Shale. it may be
overlain by Strawn sandstones or truncated by the base of the
Cretaceous sequence (1 fi=0.3048 m).

with other factors, such as water depth, amount and type of
sediment, and structure of the depositional basin, affect
subsidence rates and determine regional sandstone
distribution patterns (Fisher and others, 1969: Galloway,
1975).

Fan-delta analogs for the lower Atoka unit include both
modern and ancient examples. Modern fan deltas, where
wave energy is the most significant process, are the Liguanea
gravel fan near Kingston, Jamaica (Goreau and Burke, 1966),
the Gum Hollow fan delta, Nueces Bay, Texas (McGowen,
1970), and the Yallahs fan delta, southeast Jamaica (Wescott
and Ethridge, 1980). A fan delta where wave and tidal
processes are equally significant is the Copper River fan delta,
Alaska (Galloway, 1976). An ancient wave-dominated fan-






Table 3. Summary of lower Atoka facies, characteristics, and depositional processes on the basis of core. (See figures g - ‘B

%

Storm deposit

Fan-delta-lobe
plain

braided
distributary
channel

TERRIGENOUS FACIES ASSEMBLAGE

Alluvial/
coastal plain

Inferred Description inferred
facies depositional processes
Prodelta Black shales, fissile, micaceous, organic rich.

Dark-colored conglomerates and sandstones.

. Conglomerates are medium to fine granule size.

Sandstones are coarse sand size. Grains are
angular, unsorted, and floating in a clay-rich
matrix. Bedding is churned.

Light-colored chert conglomerates and sandstones.

Conglomerates are medium to fine granule size
and exhibit massive- to low-angle cross
bedding.” Sandstones are coarse to fine sand
size and horizontally laminated.” Plant leaves,
stems, wood, and other comminuted organics
present. If abandoned, will be interfaminated
and interbedded with shales. If superposed by
additional fan defta fobes, will exhibit contor-
tions and dewatering structures.*

Light-colored conglomerates and conglomeratic
sandstones. Conglomerates composed of pebble-
size chert.” Individual pebbles are angular,
unsorted, and floating in a coarse-grained sand
matrix. Bedding is massive to cross bedded.
Erosional base. Chunks of wood and other organic
debris present. If abandoned, sand size will
decrease upsection, and section will be inter-
faminated and interbedded with shale.

{Facies not observed in core. Occurrence inferred
from sand-body geometry, efectric-log responses,
and processes inherent to fluvial-deltaic
deposition.) Plain is mud rich. Fluvial-channet
sandstones and interchannel organic-rich shales
present. Scattered lagoonal fimestones present
owing to differential subsidence that resufted

in periodic marine induration.

Ltow energy. Subaqueous depaositio

§ n fr, S
suspension. Om

High energy. Rapid, sporadic deposition n. |
; - ition by
fluvial and debris-flow processes " O | f

Low to high energy. Rapid, episodic
deposition by fluvial, sheet-flow angd debris-
flow processes followed by a waning of
transport energy.

High energy. Rapid deposition by fluvial
processes.

Low to moderate energy. Deposition by
fluvial processes with crevasse splays,
overbank flooding and avulsion resulting
in aggradation.

A
: |FI?B": |”:
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F A |
B el
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delta system is the Pliocene Intra-Apenninic Basin system in
Italy (Lucchi and others, 1981). Ancient wave-dominated to
fluvially dominated fan-delta systems occur in subsurface
Pennsylvanian and Permian strata of the Palo Duro Basin
(Dutton, 1980} and in Missourian strata of the Anadarko Basin
(Becker, 1977; Dutton, 1982). Ancient, fluvially dominated fan-
delta systems occur in the Pennsylvanian Canyon Group of
North-Central Texas (Erxleben, 1975) and in the Devonian
strata of the Hornelen Basin, Norway (Gloppen and Steel,
1980).

In high-constructive, elongate deltas, fluvial processes
dominate marine processes (Fisher and others, 1969). These
deltas are characterized by a highly digitate and a dip-
elongate sand-body geometry and a coarsening-upward or
progradational facies sequence. The sediment load in high-
constructive, elongate delta systems is mixed. Sand-rich
delta-front facies typically prograde over a relatively thick
prodelta mud sequence. Upon abandonment, delta lobes
subside rapidly and are covered by mud, and consequently
their depositional geometry is preserved (Fisher and others,
1969). Modern high-constructive, elongate deltas include the
Mississippi Delta system (Frazier, 1967) and the Colorado
River Delta in Matagorda Bay, Texas (Kanes, 1970). Ancient

10

high-constructive, elongate deltas include the Perrin Delia =
(Pennsylvanian, Canyon Group) of North-Central Texas =
described by Erxleben (1975), and the Rockdale Delta system =
{(Eocene, Lower Wilcox Group) of the Texas Gulf Coast =
described by Fisher and McGowen (1967). 1
A fluvially dominated fan-delta model can provide 80
explanation for the net-sandstone geometry exhibited by the _
lower Atoka lithogenetic unit (fig. 10). Atthe end of lower Atokd
deposition, the Mississippian carbonate platform had beefl =
downwarped and was being onlapped by granite wash that
was shed from the Red River-Electra Arch to the north and =5
chert conglomerates that were shed by the Ouachita Thrusi_l :
Belt and locally from the Muenster Arch to the east a"d
northeast. In the southeast part of the study area a lower Atokd.
alluvial/coastal plain formed by the progressive .°»LJP'9FP?5'“9:E
and coalescence of early fan deltas on the downthrown side ¢’
the Mineral Wells fault. Northwest of the Mineral Wells fault
fan-delta lobes prograded approximately 30 mi (48 km) int0: o
the basin, and prodelta and delta-front facies extend -
another 20 mi (32 km) onto the marine shelf. Both ﬂ;o' i
alluvial/coastal plain and the fan-dalta lobes are interprete‘? o
have had low relief and were periodically subject to mafifé =
induration because of differential basin subsidence.
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Table 3 (continued)

r1ed

=

Description

Inferred
depositional processes

proximal defta
front

embayment
3 shoreface

* Distal delta
| front

Sandstones and conglomeratic sandstones. Sand-
stones are fine to coarse sand size. Conglomerates
are fine granule size. Terrigenous grains are
dominantly quartz and chert. Carbonate grains
include crinoid, brachiopod, bryozoan, echinoderm,
and algal fragments. Alf grains are moderately

to poorlfy sorted.

Grains in black, organic, clay-rich matrix.
Carbonate skeletal grains are large, unbroken,
with micrite rims and algal borings,

Light color. Low-angle cross bedding. Carbonate
skeletal grains are large, sharply broken but
not abraded.

Sitty wackestones and interbedded black
shales.” Interbeds thin, wavy to lenticular.
Carbonate skefetal grains include fusulinids,
bryozoan, gastropod, and crinoid fragments.
Ripples, ripple-foad casts, burrows, and plant
leaves and stems common.

Moderate energy. Interfacing of terrigenous
and marine processes.

Low energy. Influx of terrigenous ciastics by
sheet-flow and fluvial processes into a
restricted marine environment.

Low to moderate energy. Mixing of terrig-
enous and carbonate sediment by marine
wave energy.

Low energy. Initial interfingering of
terrigenous and carbonate sediment.

- | Shaffow
marine shelf

| Buildup {banks,
molds, and

Dark gray to black micritic limestones. Wavy

- bedding. Few unbroken coral, crinoid,

brachiopod, trilobite, and mollusk shells.
Burrowed. May be silty and contain thin imbed-
ded black shales.

Dark gray to black phylloid algal boundstones.*
Sand-sized mollusk and echinoderm fragments.

Low energy. Normal, open-marine deposition
in shalfow water.

Low energy. Normal, marine deposition
and evolution of encrusting biotic com-

encrustations)

munity in shalfow water.

-ure 6.

ér Atoka “Davis” Lithogenetic Subunit

¢ Upper Atoka "Davis” lithogenetic subunitis interpreted
 System of coalesced wave-dominated deltas, The
§'is characterized by a thick, strike-oriented sandstone

Iryand by electric log patterns that suggest concurrent
dalion and aggradation.

:.tone Distribution

£ net-sandstone map of the upper Atoka "Davis" (pl.
Ndicates a strike-oriented framework of terrigenous
; Net-sandstone geometry is tabular, and the locations of
Um thickness trends are concentrated in a narrow,
Vrented zone. In the southeast part of the study area,
Hlal sandstone units average 30 f1 (9 m} thick and are
éled by thick shale sequences. The units merge 1o the
st andform a single sandstone package locally known
¥ Davis sand," which averages 400 ft (122 m) thick. This
"N package s characterized by a distinctive, upward-
“SNg resistivity curve, suggesting progradation, and a

fUSed blocky to serrate pattern, suggesting aggradation.

“=horth and northwest, this package thins to less than 20 it
40Ut maintains its progradational log character,

11

"Davis" sediment was derived from the Quachita Thrust
Beit, a major depocenter existed in western Parker County.
Subsidiary depocenters developed irregularly along the strike
of the thick sandstone zone.

Limestone Distribution

Carbonate strata are not extensive in the upper Atoka
“Davis" lithogenetic subunit. A few thin limestone units occur
southeast of the major sand depocenters, The units have a
composite thickness of less than 20 ft (6 m), are
geographically isolated, and occur randomly within the
"Davis” subunit. These limestone units are interpreted to be
delta-plain or alluvial-plain lacustrine deposits, They do not
constitute a significant carbonate depositional system, and
consequently are mapped with “post-Davis" limestones (pl.
XVIlI). The presence of "Davis" limestones is reflected by the
scattered, anomaiously thick net-limestone areas in Parker
County.

Facies

Because cores of the "Davis” subunit were unavailable,
detailed facies descriptions could not be made. However,
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Figure 6. Core illustrating lithology and sedimentary structures characteristic of fluvially dominated fan-delta facies, Atoka Groum‘:’; !
Central Texas. Number is dritled depth in feet. Label is 0.5 inch (1.25 cm) wide. G: Guif Oil Company #2 Button Crowley core; M. dsto
Energy Company #6-4 Deaver; S: Shelf Oi Company #1 J. H. Doss. (A ) 8-3069, distat defta-front facies; (B) M-5738, algal bo&;ﬂn -def
shallow marine buildup/encrustation facies; (C) S-3055 and S-3063, fan-delta braided distributary channel facies; (D) G-5318, 1an-0¢iE
plain facies; (E) G-5298':, G-5302, and G-5303, channel-filf facies.
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figenous depositional systems displaying a similar sand-
geometry, such as the Rhéne Delta system of southern
nce (Oomkens, 1967, 1970), imply the presence of a
delfa-clastic shelf, a delta front, a delta complex, and an
uwial-plain facies. Characteristics and dominant
ositional processes of the inferred facies are summarized
able 4. An idealized facies tract for a "Davis” type systemiis
wn in figure 11. This sequence (prodelta [clastic shelf] -
la front - delta complex [composed principally of coastal
ler facies] - alluvial plain) is diagnostic of concurrent
dation and aggradation of terrigenous clastics.

2pretive Model

The upper Atoka "Davis” lithogenetic subunit is interpreted
a wave-dominated system composed of coalesced
on 1o arcuate deltas composed principally of coastal
Ier facies. Coastal barriers are beach ridges or sand-rich
Ndplains characterized by linear sand ridges that accrete
lel o the shoreline. They are the major framework facies
Yave-dominated deltas, In such deltas, wave reworking
“linates fluvial processes and net sediment input, Moderate
4 dation of the coastline results in marine wave
L HEsses redistributing substantial amounts of sand to the
- °0ns of depocenters. Wave-dominated deltas are
fiClerized by a chevron to arcuate sand-body geometry,
&-oriented sand distribution, and meandering to locally
Adided distributary channels (Fisher and others, 1969).
v?}f&domi'ngted delta analogs for the upper Atoka
“V8" subunit include both modern and ancient examples.
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e 7. Lower Atoka facies tract. Idealized coarsening-upward sequence that reflects the progradation of terrigenous clastics into a

Modern wave-dominated delta systems are the Rhédne Delta,
southern France (Oomkens, 1967, 1970), the Po Delta,
western Gulf of Venice (Fisher and others, 1969), the Danube
Delta, Black Sea {Zenkovich, 1967), and the Surinam coast,
South America (Brower, 1953; Price, 1955). Ancient wave-
dominated delta systems include the upper Wilcox system
(Eocene) of the Texas Gulf Coast, described by Fisher and
McGowen (1967), and the middle Vicksburg system
(Oligacene), Texas Gulf Coast, described by Gregory {1966).

A wave-dominated delta model can provide an explanation
for the net-5andstone geometry exhibited by the upper Atoka
“Davis” lithogenetic subunit {fig. 12). At the end of “Davis”
deposition, the upper Atcka "Davis” alluvial plain had
superposed the lower Atoka alluvial plain. A wave-dominated
system of delta complexes had been established, striking
along the same trend as the Mineral Wells fault. Although there
is no clear evidence of movement on the Mineral Wells fauit
during “Davis" deposition, differential subsidence rates may
have caused this zone to act as a hingeline. Subsidence rates
appear 1o have been greater on the southeast side of the fault
and may have enhanced the accumulation of sand within the
delta complex coastal barrier facies.

Comparison of upper Atoka "Davis™ facies distribution with
lower Atoka facies distribution suggests that the transition
from lower Atcka to upper Aloka "Davis' deposition was
marked by (1) a period of regional basinal subsidence that
resulted in complete foundering of lower Atoka fan-delta
complexes northwest of the Mineral Wells fault and in the
establishment of new terrigenous depositional patterns, and
(2) a transition from a fluvially dominated depositional system
to a wave-dominated depositional system. This transition does
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arily iMply an increase in marine
rather a period of tectonic quiescence
d sediment input that allowed marine
o dominate fluvial processes.

ka “Post-Davis”
setic Subunit

pper Atoka “post-Davis” lithogenetic
interpreted to be a poorly integrated,
ominated fan-delta system. Like the
tloka lithogenetic unit, the “post-Davis" is
erized by a highly digitate sandstone
iy and a progradational facies sequence,

one Distribution

net-sandstone map of the upper Atoka
vis" (pl. XVII) indicates a terrigenous
onal system in which the framework
ne units are thin and poorly integrated.
gstone  geometry is highly digitate,
i, and elongate. The distribution and
ter of individual sandstone units are similar
sse in the lower Atoka lithogenetic unit.
sione packages are thicker in the east and
ssively break up westward into thin,
finuous stringers. In the west (Archer,
,and Stephens Counties), sandstone units
g2 5 ft (1.5 m) thick and are difficult to
uish from hard shale streaks or silty
ones, These units are recognized and
d as sandstone because of log response
). However, their irregular distribution
s that they may be siltstones or
0us shales.

la-lobe complexes in the "post-Davis"
prograded into the basin along three
epositional axes (pl. XVI1). The northern

fal axis of deposition in Denton and Wise
Es were supplied with sediment from the
€rArch. The southern axis of deposition in
County contains sediment derived from
llenster Arch and the Ouachita Thrust Belt: it
; site of the best developed fan-delta
DEX, the Parker fan-delta lobe complex.

Estone Distribution

Nate depogi

08j

Table 4. Summary of inferred upper

Atoka "Davis” facies.”

Facies Description Inferred
depositional processes

Prodelta Shales, fossiliferous, Low energy.

(clastic shelf) well-burrowed, can be Subaqueous deposition
sifty. from suspension.

Delta front {Similar to coastal Moderate energy.
barrier facies.) Over- Reworking of offshore
all thickness of sand by marine wave
facies thinner, may be energy and accretion of
interlaminated and sand afong shoreline.
interbedded with
shales,

Delta complex

coastal Sandstones, medium to Moderate energy.
barrier fine sand size, grain Accretion of sand afong
size increases upsec- shoreline by marine
tion. Bedding is hori- wave processes,
zontal to low-angle
cross bedded. Contains
shells from marine,
brackish, and fresh-
water fauna, plant de-
tritus, and minor
shale breaks.
deita Sandstones, siltstones, Modesrate to tow energy.
plain and shales. Vertical accretion of
Horizontally bedded. fluviatile material.
Contains shells from
brackish to marine
fauna, plant detritus,
and rootlets.
distributary Sandstones, festoon Moderate to high energy.
channe/l cross bedded, channe/ Deposition by fluviaf
fag. processes.

Alfuvial plain Fluvial channe! sand- Low to moderate energy.
stones, interchanne! Deposition by fluvial
marsh and swamp shales, processes with crevasse
and facustrine lime- splays, overbank flood-
stones present. ing, and avulsion result-

ing in aggradation.
fluviaf (See distributary (See distributary channel
channet channel facies.) facies.)

POmparison of the net-limestone map of the upper Atoka

ENetic unit (pl. XVI with the net-sandstone map of the

loka “post-Davis” subunit {(pl. XVIl} indicates that
tion was contemporaneous with terrigenous
N.In the southeast part of the study area, limestone
Uiation was minor, and depositional style was similar to
the lower Atoka lithogenetic unit. Extensive limestone
r; &€ confined to the western and northern margins of
Basiy, Outside the areas of terrigenous influence. Thickest
“Ne sequences coincide with the axis of the Bend

“Characteristics and depositional processes are based on analogous facies in the

Rhone Deilta, southern France {Oomkens, 1967, 1970).

Flexure, where individual limestone packages also are thick

Atoka-Caddo facies,

(Nelson and others, 1962). Organ

banks
Carbonate banks and mounds exh

shallow, marine shelves.

{7

and trap the lime mud and skeletal

respect to the sea floor and are chara

and constitute paft of the massive "Caddo reef” trend or

The “Caddo reef” is interpreted to be a series of algal
banks and mounds. A carbonate bank is a skeletal limestone
deposit constructed by nonframewo

rk-building organisms
isms that produce, baffle,
debris composing the

include phylioid algae, bryozoans, and crinoids.

ibit depositional relief with
cteristic of low-energy,
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coastal barrier, distributary
channel, and deita plain focies

ALLUVIAL PLAIN
AND SOURCE

A i
Figure 11. Upper Atoka “Davis"facies tract. Idealized sequence is based on studies of the Rhone Delta (Oomkens, 1967 1870), and refil

the concurrent progradation and aggradation of terrigenous clastics.

Facies present in Pennsylvanian carbonate banks in
North-Central Texas were discussed in detail by Wermund
(1975). Depositional and geometric aspects of Pennsylvanian
algal mounds and banks were studied by Erxleben (1975),
Wilson (1975), Becker {1977), and Dutton (1982).

Facies

Physical characteristics and sequences displayed by
"post-Davis” terrigenous facies are similar to those in the
lower Atoka unit, A comparison of lower Atcka cores (figs. 8
and 3) with “post-Davis" core (fig. 13) indicates that both
lithegenetic units are characterized by (1} a progradational
facies tract composed of a prodelta to delta front to fan-delta
lobe sequence, (2) vertical sequences of sedimentary
structures that reflect fluvial deposition (scour base to cross
stratification to horizontal iaminations to asymmetric ripples),
and (3) coarse, angular, unsorted, chert conglomerates.
However, because the sandstone framework of the "post-
Davis” lithogenetic subunit is thinner than that of the lower
Atoka unit, minor variations do occur. Delta-front facies are
thin, and the sediment is finer grained. Mixed terrigenous-
carbonate facies are absent, indicating that during “post-
Davis" deposition, terrigenous and carbonate systems
interfingered less extensively than they did during deposition
of the lower Atoka and tended to be restricted to distinct
geographical areas.

18
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Interpretive Model

The upper Atoka "post-Davis" lithogenetic subunit
interpreted to be a poorly integrated, fluvially dominated
delta system and is similar to the lower Atoka fan-delta sys
The upper Atoka subunit is characterized by b a
distributary channels, flashy discharge, sheet flow, h;
digitate and elongate sandstone geometry, and coarser
upward progradational facies sequences. Angular:
coarse-grained sediment indicate a tectonically aqtive s0
and a short transport distance from source to basin, re
in a poorly developed alluvial/coastal-plain facies. _

A fluvially dominated fan-delta model explains th
sandstone geometry exhibited by the "DOSI'[?‘_
lithogenetic subunit (fig. 14). At the end of upper Atoka P
Davis” deposition, three thin, poorly developed fan-
complexes had prograded into the basin along east-¥
axes. The southern axis followed the same trend a8
principal fluvial channel in the “Davis" Iithogenetw s
indicating a preferential zone of ongoing seg‘mem trar: i
Along this axis a discontinuous alluwal!coasta: |
environment developed. Along the northern and central82%s
deposition was sporadic and no alluvial /coastal p
developed. o f

Comparison of upper Atoka ‘post-Davis
distribution with upper Atoka “Davis" facies dISan
suggests that the transition from "Davis" t0 -pOSt—ba ¥
deposition was marked by (1) a period of regional
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subsidence that resulted in the establishment of new
terrigenous depositional systems, and (2) a transition from a
wave-dominated depositional system to a fluvially dominated
depositional system. This transition may imply a rejuvenation
of the terrigenous source rather than a decrease in marine
energy. Moderate uplift in the source ares is thought to have
resulted in an increased rate of sediment supply, which
allowed fluvial processes again to dominate marine
processes.

PETROLOGY

Analyses of thin sections from three cores (figs. 8, 9, and
13) indicate that changes in composition and diagenesis of
sandstones of the Atoka Group are unrelated to burial depth or
relative age of deposition, Instead, minor compositional
variations are related to sediment provenance,and diagenetic
variations are primarily related to grain size and type of facies.
Consequently, porosity and permeability in the Atoka Group
were dictated principally by the depositional environment.

Composition

The average sandstone in the Atoka Group, according to
Folk's (1974) classification, isa quartz-rich, feldspathic (chert)
litharenite. Compositional data are summarized in table 5. In
areas where sedimentis interpreted to have been derived from
the Ouachita Thrust Belt, such as the Gulif Oil Company #2
Button Crowley core (lower Atoka) in Jack County, the
average composition is Qss Fs Rz (fig. 15). The dominant
feldspar is plagioclase, and the most prevalent rock fragment
is chert. Chert grains may be microcrystalline, spiculitic,
foraminiferous, oolitic, or exhibit relict algal-mat structures.
These grains were probably derived from several Paleozoic
stratigraphic units, including the Arkansas Novaculite,
Eilenburger Group, Marble Falls Formation, and various
Mississippian limestone formations. Accessory grainsinclude
glauconite pellets and phosphate pelloids. The phosphate
pelloids may be syndepositionally altered fecal peliets or
intraclasts derived from Morrowan-age phosphate deposits
similar to those found in the Llano Uplift area {Barnes, 1954).

Where sediment is interpreted to have been derived from
the Muenster Arch, as seen in the Mitchel| Energy Company
#6-4 Deaver core (lower Atoka) in Wise County, the average
sandstone compasition is Qss Fzs Rzz (fig. 18). Fifteen percent
of the quartzgrains, or twice the amount presentin other cores,
are composite. Many grains exhibit complex suturing and
nonparallel bands of strain. They are interpreted to have been
derived from a fault zone. Sediment from the Muenster Arch
also appears to be more feidspathic than is sediment derived
from the Ouachita Thrust Belt. The dominant feldspar is
microcline; the most prevalent rock fragments are chert, mica
schist, and quartzite, and accessory grains include muscovite.

In areas where sediment is interpreted to have been
derived from the Quachita Thrust Belt with subsidiary amounts
of sediment derived from the Muenster Arch, suchasthe Shell
Cil Company #1 J. H. Doss core (upper Atoka “post-Davis"}in
Parker County, the average compoasition is Q71 FaRas (fig. 17)

22

Ocate_ 3|
Energy(?t,

Microcline is absent because the Shell core jg |
from the Muenster Arch than is the Mitchell
the grains therefore have been weathered

. : out. Ag
untwinned plagioclase angd Untwinneq oﬂ;th
predominate. Many rock fragments have been de

beyond recognition by compaction. The mg
fragment is chert, but substantial amounts o
also present; accessory grains include mus

St prevale
f mica so
Covite,

Diagenesis

The bas_ic dfagenetig Sequence of Atoka' Grods
sandstones s (1) compaction resulting in stylolitizatign "
development of pseudomatrix, (2) quartz Overgrowth ger
and (3) dissolution of chert, feldspar, and metamorphig
volcanic rock fragments. This Sequence results in seaon
porosity and filling of pore space by caicite, late-gt
bearing dolomite, and minor amounts of kaolinj
microcrystalline quartz cement, i

In conglomerates and coarse-grained sandstone
terrigenous facies,the most significant diagenetic eve
silica dissolution and precipitation {fig. 18). Two stageso
dissolution occurred. The first stage was associated
stylolitization. Stylolites parailel bedding and alsa
between grains to form sutured contacts. When trunca
stylolites, chert and quartz grains apparently lost up fo
percent of their volume. The second stage of silica dissoly
resulted in corrosion and leaching of individual chert
thus creating up to 15-percent secondary porosity. S
precipitation was in the form of quartz overgrowths and |;
stage microcrystalline cement.

Compaction, stylolitization, and the precipitation of
overgrowths are interpreted to have been
contemporaneous. Evidence includes (1) vacuoles and i
of strain that parallel bedding and extend from quartz
into the surrounding overgrowths, (2) grains with qu
overgrowths that are truncated and sutured by stylolites,
(3) grains with quartz overgrowths that superimpose styl
Second-stage silica dissolution in chertgrainsis interpre
be a separate diagenetic event because quartz overgrow
do not extend into secondary pores and because the
spaces maintain their original shape.

The most significant diagenetic event in fine‘-g
sandstones and siltstones from terrigenous facies ¥
dissolution of feldspars and metamorphic and volcanic
fragments (fig. 19) to produce secondary porosity values!
range from 2 to 6 percent. in sandstones from m
terrigenous-carbonate facies, the major diagenetic event 2
calcite replacement and cementation (fig. 20). CAIG
replaced feldspars and metamorphic and volcanic
fragments. Calcite spar and poikilotopic cement complet
filled the majority of pore spaces, constituting 5o 25 percs
of the total rock volume. Predominant calcite cementationd
exists in facies where terrigenous strata are in proximiy
carbonates, such as incipient fan-delta lobes colonized
marine organisms, storm deposits, or distal defta-front fack
Similar cementation patterns also occurred in Pennsyfvze
fan deltas of the Anadarko Basin (Dutton, 1982). In fa,‘?l :
facies reworked by marine processes, porosity was fi
the precipitation of extensive calcite cement.
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Common quartz

Quartzarenite

Sublitharenite

Lithic
Arkose

Feldspathic
Litharenite

Litharenite

F (3:1)
Microcline 8%

Orthoclase
(untwinned) 1%

Plagioclase
(untwinned)36%

(:n (1:3) R
MRF 10%

SRF (siltstone) 1%
unknown RF 6%

Figure 15. Composition of sandstones interp,
Company #2 Button Crowle y core (fig. 8), lo
composition.

Porosity and Permeability

Development of porosity and permeability in sandstones of
the Atoka Group was controlied by the depositional
environment. Highest average porosity and permeability occur
in coarse-grained chert conglomerates deposited under high-
energy conditions, such as in channel or coarse-grained, fan-
delta-plain environments. In these facies, the depositicnal
matrix is negiigible, and permeability measured relative to air
by Core Lab, Inc., averages between 2,000 and 3,000 md.
Porosity inciudes original porosity remaining between quartz

reted to have been derived from the Ouachita Thrust Belt. Samples are taken from Gui
wer Atoka lithogenetic unit, Classification is according to Folk (1974). Opencircleisa

24

overgrowths and secondary porosity produced by dissol
of chert grains (fig. 21). Pore spaces are angular, G
moderately interconnected, and range from 0.04 mm Up
mm wide, with an average width of 0.8 mm. Secondary leac
pore spaces are irregularly shaped. They may be clear, §
cloudy due to incomplete chert dissolution, or have thin
rims due to infiltration of pseudomatrix. The pores aré .
interconnected and range from 0.6 mm to 3 mm wide, W
average width of 1 mm. o
Moderate porosity and permeability values Oc '
medium- to fine-grained quartz-rich sandstones that wer





Composite quartz

Common quartz

85%
Q
(95%) Quartzarenite
Subarkose Sublitharenite
(75%)
L ]
®
L ]
[ ]
Lithic Feldspathic
Arkose Arkose Litharenite Litharenite
F (3:0) () (1:3) R
Albite
G {Plagipclcs?
@ ML IRF {granite) 1%
Or'hOCiGSG SRF 39
8% (untwinned)

Microcline

{&16. Composition of sandstones interpreted to have been derived from the

¥ #6-4 Deaver core (tig. 8), lower Atoka lithogenetic unit, Classificati
tion.

Muenster Arch. Samples are taken from Mitchell Energy
on is according to Fotk (1974). Open circle is average

dunderhfgh-energyconditions‘suchasinchannelor Porosity and permeability are absent in sandstones

“Plain environments. In these facies the depositional deposited in environments characterized by low energy and

less than 3 percent; however, permeability is typically proximity to marine influences owing to calcite cementation
! md. A porosity range between 8 and 12 percent is (fig. 21),

arily to the preservation of original porosity between

égrowths and to the creation of minor secondary

¥ dissolution of feldspars and metamorphic and

C rock fragments. Secondary pore spaces are

5. ¥ shaped, very cloudy due to incomplete dissolution,
and 0.04 mm to 0.24 mm wide.

A study of sandstone diagenesis in the overlying Strawn
Group (Peterson, 1977) indicates that a similar relation exists
between depositional environments and porosity. In Strawn
sediments the best porosity is associated with sandstones
displaying a large mean grain size that were deposited in high-
energy environments and that were not in proximity to shales.
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i IU‘ i subunit. Classification is according to Folk (1974). Open circle is average composition. &
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i |I i | Az
[ﬂum | HYDROCARBON PRODUCTION broad zone that trends northeast-southwest through Jac

Wise, and Palo Pinto Counties, Texas {pl. XIX).

Inthe northern Fort Worth Basin, the Atoka Groupisusually

. Historical Development
known solely for its tight, gas-producing sandstones and

conglomerates. By 1977 the Atoka Group had cumulative Gas was first recognized in the Atoka Group, n_onhem;s-
production of more than 160 million barrels of oil plus gas Worth Basin, during the early 1920's from shows in dryhrké--
equivalent, or more than 408 billion ft2 (11.5 billion m?) of gas drilled by cable tool. However, because of poor ”(]}?s in
and 84 million barrels of oil, Most of this production is from a conditions, gas and oil were not produced until the 1950's. 3
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u: 18. Diagenetic sequence for Atoka conglomerates and coarse-grained sandstones from terrigenous facies. Progression of

o a;’cﬂ Was dependent on original composition of sediment. Heavier fines indicate the mostsignificant diagenetic pathways. Light lines
€ events that were less prevalent,
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Figure 19. Diagenetic sequence for Atoka fine-grained sandstones and siltstones from terrigenous facies. Progression Ofi‘?q;e
dependent on original composition of sediment. Heavier lines indicate the most significant diagenetic pathways. Light lin :

events that were less prevalent.

November 1950, the discovery well for the Boonesville Bend
gas field was completed in southwest Wise County. This well,
the Continental #1 Flowers, produced gas from the lower
Aloka lithogenetic unit. Rapid development cccurred in the
surrounding area, and by 1957, fields covering approximately
450 mi# (1,170 km?) in Wise, Jack, and Parker Counties
produced gasand small amounts of oil from lower Atoka strata.
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By the early 1960’s, additional pay zones in the up e
"Davis" and “post-Davis" lithogenetic subunits ?
completed. Exploration and development oth ]
hydrocarbons declined from the mid-1960's 10

1970's. in the mid-1970's, increased gas prices p
renewed interest in the Atoka Group, resulting in the ;
infill and step-out wells to expand existing lower Ato
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Silhough Upper Atoka "Davis™ and “post-Davis” reservoirs

€ lested, actual production remained limited (Blanchard

unavailable. The following discussion
' others, 1959),

Characteristics of the lower Atoka unit
similarities, conclusions may also b
Davis" production,

3 Characteristics of lower Atoka hydrocarbon fields are best
0duction Characteristics llustrated by the Boonesville Bend gas field in Wise County
and the Rickels field in Stephens County. In both fields,
production is controlled stratigraphically. Wells produce oil
and gas from multiple, stacked, conglomerate lenses. The
number of productive zones varies. Individual pay zones

is limited to production
. but because of facies
€ applicable to "post-

.Becau_se the upper Atoka “Davis" and "
R 0%enetic subunits are less favo
“ES of thejr reservoir cha

post-Davis"
rable exploration targets,
racteristics are currently
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Texas. Sample number indicates

C: 30 mm wide.

average 10 ft (3 m) thick. Net effective pay ranges up to 100 ft
i (80 m) but averages 20 to 25 ft (6 to 7.5 m) thick. Porosity
| distribution is erratic. In productive zones porosity ranges from
5 to 20 percent. Permeability generally is less than 1 md. In
nearly all instances zones were fractured by sand injection to
obtain commercial production. Lower Atoka fields exhibit gas
expulsion drive; reservoir pressures range from 200 to 2,000
psi (14 to 140.5 kg/cm?), with considerable variation among
zones. Reservoir pressures tend to fall rapidly after initial
production and then stabilize. This indicates that individual pay
Zones act as distinct reservoirs that have little
intercommunication between zones. Reserves in the
Boonesville field have been estimated at 330,000 12 (9,345 m?)

Figure 21, Photomicrographs of thin sections from Guif Oif Company #2 Button Crowle ¥ core, lower Atoka lithogenetic unit, Jack Cou
dritled depth in feet. (A) Sample 5330,
(medium conglomerate, fan-defta-piain facies ). (B) Sample 5330,
conglomerate, fan-delta-plain lacies). (C) Sample 5337, calcite a
| - lterrigenous carbonate grains, shoreface facies/proximal delta fro
| minor original porosity between quartz overgrowths (medium- to fin
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secondary pore space created b y dissolution of a chert grain (med
nd iron dolomite concentration (medium-grained sandstone, m
nt). (D) Sample 5318, deformation of chert grains and preservatio
e-grained sandstone, fan-defta-plain facies). A, 8, and D:8mm

original porosity preserved between quartz overgrowlf

of gas per acre-ft (1,233 m?) with 1.51 million &8 (42,758 m?
gas per day open-flow potential (Blanchard and others,
Gardner, 1960; Kingston, 1960). i

Volume and Distribution

Plate X|X illustrates volumes and distributionlof cumu[gt |
hydrocarbon production for the Atoka Group. Fields hayinm‘
cumulative production of less than 100,000 barrels of oil P y.
gas equivalent were deleted from this map. Plgtted fields
reflect 80.5 percent of the total cumulative production,of :]osk'
than 140 million barrels. The most significant fields are thosé





cumulative production greater than 1 million barrels,
hich 73 percent of the total Atoka production, or 81
of the plotted production, is derived.

s producing from the lower Atoka lithogenetic unit (fig.
tain more than 90 percent of the plotted production,
gas is volumetrically greater, barrels of oil versus gas
ntare approximately equal. Lower Atoka fieldscanbe
into four provinces: (1) an oil province centered in
e County, (2) an oil province Centered in southern
nd northern Stephens Counties, (3) a gas province
in Parker and Paio Pinto Counties, and {4) a mixed oil
as province centered in Jack and Wise Counties.

ds producing from the upper Atoka “Davis" lithogenetic
it (fig. 23) contain slightly over 1 percent of the plotted
tion. These fields are 9as prone; oil represents only 3

of their cumulative production. “Davis™ fields, which

fricted to the northern part of Parker County, constitute

province.

ds producing from the upper Atoka “post-Davis"

etic subunit {fig. 24) contain 8 percent of the plotted

uction. These fields generally are oil prone: 14 percent of

cumulative production is gas equivalent, "'Post-Davis”

cated in Jack and Wise Counties produce oil. The

post-Davis" field in Parker County produces gas,

ERVOIR DISTRIBUTION AND QUALITY

Integrating interpretations of the depositional systems
agenetic history with hydrocarbon production data, itis
le 1o explain regional trends in reservoir distribution and
and to identify areas of interest that were overlooked
fously because of unfavorabie economic conditions.

er Atoka Lithogenetic Unit

”"Mcst lower Atoka fields are aligned on the northwest side of
Mineral Wells fault (fig. 25). Fields with cumulative
uction exceeding 1 million barrels (oil plus gas equivalent)
rnthe Decatur and Paig Pinto fan-delta-lobe complexes.
Produce oil and gas from channel-fill and coarse-grained
elta-plain facies. Fields located marginal to fan-delta-
Complexes or in delta-front facies are generally small and
tumulative production of less than 250,000 barrels.
use of the influence of proximal marine source beds,
fields are oijl prone,
Blds located on the southeast side of the Mineral Wells
_'ﬂfe aligned with major channel axes or preferred paths of
“ment dispersal They are averlain byalluvial/coastal-plain
but produce from subjacent fan-delta channel-fill
Cause of the abundance of plant matter associated
Bf]hese facies, production is gas prone (Tissot and Welte,

14t Jack Coul
rtz overgr
1 grain (mi
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facies, (2) an increase in the amount of metamorphic and
volcanic rock fragments nearer the source, and (3) a greater
compaction of sediments on the downthrown side of the fault,
This resulted in reduction of pore space by infiltration of
depositional matrix and by severe deformation of rock
fragments to form pseudomatrix. Exceptions to these
conditions occur along major fan-delta channels. Scattered
sonic and density logs along channels indicate up to 15-
percent porosity, a percentage comparable to porosity infields
northwest of the fault. Therefore, linferred that sedimentalong
major depositional axes was sufficiently coarse-grained and
permeable to facilitate the flow of diagenetic fluids, Secondary
dissolution porosity developed as a result.

Primary hydrocarbon exploration targetsin the lower Atoka
unitlie in two areas: on the northwest side of the Mineral Wells
fault along major fan-deita channels and where delta-lobe
complexes are well developed, and on the southeast side of
the Mineral Wells fault along major depositional axes, Because

the latter area is relatively untested, it has the greater potential
for future development.

Upper Atoka "Davis” Lithogenetic Subunit

Reservoir distribution in the upper Atoka “Davis”
lithogenetic subunit is generally unknown. In the study area,
only two fields produce from this subunit {fig. 26). These fields
produce gas from the transitional area between alluvial-plain
facies and Coastal-barrier facies, and from delta-complex
facies,

Reservoir quality in the "Davis" is unknown because of the
lack of data, Scattered sonic and density logs indicate thatthe
vertical and lateral distribution of porosity is irregular. The best
porosity appears to be in fluvial channel-fill facies and in delta-
complex facies. In fluvial channel-fill sandstones, porosity is
approximately 10 percent. In delta-complex sandstones,
porosity ranges from Q to 15 percent with the higher porosity

values located in the upper fourth of the "Davis" sand
Package. Porosity in alluvial-plain/coastal-barrier facies
ranges from 3to 6 percent, Vertical distribution of porosity and
permeability are both irregular because of numerous shale
interbeds.

Primary exploration largets for tight gas production in the
"Davis" are along the axis of the principal fluvial channel and in
deltaic facies. In the Marietta Basin (Sherman County,
Oklahoma, and Grayson County, Texas), the “Davis” sand is
interpreted as a coastal-barrier/ offshore-bar system. In this
basin, the sandis a proven oil producer (Geeg, 1 976). However,
the oil-producing tendency of the “Davis” sand probably does
not extend into the Fort Worth Bagin.

Upper Atoka “Post-Davis"” Lithogenetic Subunit

The distribution of upper Atoka ‘"post-Davig" fields
corresponds to that of the fan-delia depositional axes {fig. 27).
Most fields are aligned east-west along the nerthern ang
central depositional axes. These fields produce from fan-delta
channel-fill facies. The only field associated with the southern
axis is located in the Parker fan-delta-lobe complex and

produces from fan-delta channel-fill and coarse-grained fan-
delta-plain facies.
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Reservoir quality in the “post-Davis’ lithogenetic subunitis

probably similar to that of the lower Atoka unit, Along the
northern and central axes, scattered sonic and density logs
indicate that porosity ranges up to 16 percentand averages 11
percent. However, overall porosity may be expected to be less
than 11 percent for two reasons: (1) an increase in
pseudomatrix content resulting from the abundance of
metamorphic and volcanic rock fragments shed from the
Muenster Arch and (2) an increase in pore-filling calcite
Cement because of the overall thinness of the sandstone units
and the proximity of carbonates. Along the southern
depositional axis, well logs indicate that porosity averages 10
percent. In the Parker fan-delta lobe complex, porosity up to

14 percent has been measured from the Shell Oil Company #1

J. H. Doss core.

Primary hydrocarbon exploration targets in the “post-
Davis" subunit occur along the northern and central fan-delta
axes and inthe Parker fan-delta lobe complex associated with
the southern depositional axis. The Parker fan-delia presents
the greatest potential for future hydrocarbon production from
the Atoka Group. Favorable indications for production include
(1) several sample logs dencting oil stains, (2) scattered sonic
and density logs indicating porosity, and {3) core thatis similar

to the lower Atoka lithogenetic unit {(a proven producer) in

terms of sandstone petrology and depositional style.

CONCLUSIONS

1. The Fort Worth Basin, in North-Central Texas, is a late
Paleozoic foreland basin that was downwarped during the
Early to Middle Pennsylvanian in response to tectonic stresses
that also produced the Ouachita Thrust Belt.

2. The Atoka Group reflects the initial  westward
progradation of chert-rich terrigenous clastics derived from
the Ouachita Thrust Belt and locally from the Muenster Arch
across the northern part of the basin, The Atoka Group is
underlain by Mississippian and Early Pennsylvanian shelf
carbonate strata, ang overiain by carbonate buildups angd
deltaic systems of the Pennsylvanian Strawn Group. In the
northern end of the basin, the Atoka Group interfingers with
arkosic conglomerates (granite wash) derived from the Red
River-Electra Arch.

3. The Atoka Group contains three distinct packages of
terrigenous deposits: (1) the lower Atoka lithogenetic unit, (2)
the upper Atoka “Davis" lithogenetic subunit, and (3) the upper
Atoka "post-Davis” lithogenetic subunit.

4. The lower Atoka unit is interpreted to be a fluvially
dominated fan-delta system, characterized by a highly digitate
sandstone geometry, extensive interfingering of
contemporaneously deposited terrigenous and carbonate
strata, progradational facies sequences, and fault-controlled

facies distribution, This lithogenetic unit reflects the initial
transition from a shallow marine to g terrigenous-dominated
environment when chert-rich sediment was rapidly shed from
tectonically active sources. The lower Atoka produces oil and
gas from fan-delta channel-fill and coarse-grained fan-delta-
plain facies. The most productive areas lie northwest of the
Mineral Wells fault in the Decaturand Palo Pinto fan-delta lobe
complexes, and southwest of the Mineral Welis fault along
major fan-delta depositional axes.
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5. The upper Atoka “Davis" subunit is interpreteg YOhé
system of coalesced wave-dominated deltag, character- a
by a thick, strike-oriented sandstone geometry, an abser i
significant contemporaneous limestone depositsl ang
predominance of coastal-barrier facjes, This lithoge
subunit reflects a period of tectonic quiescence thyy allg
Coastal marine processes 1o dominate fluyiaj Processeg
terrigenous sediment input. The “Davis” subunit :
from alluvial-plain/coastal-barrier and delta-co

the axis of the principal fluvial channel ang
complex facies.

8. The upper Atoka “post-Davis" subunit is interpreteq
be a thin, poorly integrated, fluvially dominateq fan-dg
system similar to the lower Atoka unit. Char. isti

.along whj
delta-lobe. complexes prograded into the basin. T,

'Iirhogenetic subunit reflects renewed QOuachity tecton
activity that resulted in the sporadicinflux of sands ang gravels
rich in chert and in metamorphic and volcanic rock fragmens,
The "post-Davis" produces from fan-delita channel-fill ang

coarse-grained fan-delta-plain facies. The northern and
central axes of deposition are ail prone, and the southern axis
is gas prone. Although production along the southern axisis
now limited, the upper Atoka "post-Davis" subunit inthisarea,
particularly in the Parker fan-delta lobe complex, may have

the greatest potential for future hydrocarbon production of the
Atoka Group. :
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Map
Number

County

Archer S
25
26
38

Clay 25

Dallas 1
Denton 10

Jack 7

Montague 2

Palo Pinto 1

111
Parker 7

"

Operatar

McAllister Fuel

G E Kadane & Sons
Novi Equipment
Anderson Petroleum
Phillips Petroleum

Centinental il
Burnes Estate
Caonsolidated Oil
Wilcox & Confidential
Shell Oil

Phillips Petraleum
Omohundro

Sinclair Ol & Gas

Magnolia Petroleumn

Standard Oif of
Kansas
Trentman Jr,
George Engle
Carter Oil

Hanlon-Boyle
Mid-Continent
Davon Oil
Lengharn Production
Jack Grace
Conlinental Oil
Warren Qil
Hanlon-Buchanan
Warren Oil
Continental Qjl
Gulf Energy

J. Grace
Nu-Enamel
Sinclair Prairie
Continental il

Coentinental Oil
Trans-Texas Energy
Pan American
Petroleum Resources
Kadane & Sons
Kadane

Deaton & Sons
Deep Rock

Rhodes Drilling
Ashland Oil
Mid-Tex Petroleum
R. H. Wininger

Manahan Drilling
Shell Qil

Cities Service
Toto Gas

APPENDIX 1

Well logs used in cross sections.

Well Name County

#A-1 C. L. Abercrombie
#1 Wilson Heirs-Ohic
#1 John Purcell

#1 H. Morbitzer

#1 Crory

#1 Crockett

#1 Patterson

#1 Sealing

#1 Sealing

#A-1 Hapgood

#1 Hapgood

#1 Lenabel Courtney
#A-1 Southhill

#1 Trigg Estate
#1 E. D. Hart

#1 R. M. King
#1 Mrs. A, Martin
#1 Allen

#2 Bertha Moore

#1 B, Zuber

#1 Dees

#3 Ella May Craft

#1 Lindiey

#1 R. Cherryholmes “g"
#1 McClure "B"

#2 Matlock

#1 George Evelt "B"
#1 Copeland

#2 Button Crowley

Tarrant

Wise

#1 Skinner-Jackson
#1 W, L. Admire

#1 Collier

#1 Richardson

#1 W. H, Green
#1 Gragg

#1 Helen Watson

#1 Padgett Ranch

#1 Chaney

#1 J. E. Bankhead Young
#1 Deaton

#1-A Gafford-Branson

#2 Barton

#1 Halskill

#1 Marie Cardi Eubank

#1 Swenson

#1 Anne Doss, et al,
#1J. H. Doss

#1 W.H, Glenn

#1 Carr "L

42

Stephens

Map
Nurmber

105

Operator

Toto Gas

Devonian Qii
Continental Qi

Nunley & Haie
Diamond Shamrock
Toto Gas

Cayman Explasation
Cottonwood Petroleum
J. P. Dunigan Inc.

Woodley & Dangiger
Texas Pacific

Texas Company
Escargot & Dunigan
Texas Pacific
Warren OQil

Delta Oil of Delaware
Woodley & Premier
Kirk Johnson
American Manufacturing
Sinclair Oil & Gas
MeNallen & Griggin
Walter Exploration
Terrell Petroleum

C. Andrade ||
Bruce Sullivan
Mitchell Energy

Signal Oif
Miles & Christi,
Mitchell & Mitchell
W. B. Omohundro
Fhillips Petroleum
Phillips Petraleum
Toklan Petroleumn
Standard Fryer
Drilling
Champlin Refrigerating
Cities Service
Mitchell Energy
Sunray DX Oil
Mitchell & Associates

British American
JoJ Lynn
Superior Oit
A R. Diliard
Perkin Brothers
Humphrey
Standard of Texas
& Buchanan
Warran Petroleum
Ditlard
John C. Orgain

Well Name

#1 Ruby Sears
H1 R, Buck .
#1C p. Waody
#1 Lindsey
#1 Dunlap
#1 Suggen p
1 Bigg “B," Ing,
f1LF Grimesg
#1 Waliis

#1 Joe Sickie
#1 Robertson
1A v Jones
#1 Brown

H1 Hill

#1 George Gia
Bernie McCreg
#1 Thorpe “B”
#1 West

#1 Echols ]
#1 Alice Walker
#3J.W. Crowley
#1 Foster ‘
#1 Garderhirg

#1 Sharpless
#1 Putnam
#1 Wilkinson

1 Jack Daly
#1 L. D. Florida

#1 Bryan

#2 Municipal

#1 Hired Hand
#1 Bun Johnson
#1 M. D. Canster

=,

#1 Stanfield
#1 Manning
#B-4 Deaver
#1 E. F. McGaug
#1 Eas! Texas Co,

#B8-2 C. H. Roach
#1 Benson Estate
#1 A C. Deats, etal
#1-B 5. R. Jeffery
City of Leverman
#1 Williamson
#1 Donnell

#1 Inez King
#2-A Stovall "C"
#1 5. A Easterly
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ilkinson
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Field Number
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Field Narme

Dillard SE.
Diflard SW.
Joy S,

Gas Finders

Avis Bend
Avis M,

Bartons Chapel E

Blueberry Hill
Boling-Crum
CHK
Campsey
Cap Yates
Cary-Mag
Callin

Catlin Sw.
Cundiff N.
Deweber
Dunes
Dunham W.
Gage

Gilley

Gilley W,
Hallwood
Jacksboro
Jacksboro E.
Jacksboro S.
Jefrye-Jan
Jupiter
Ken-Rich
Kinder
Kramberger
Lytle
Marina-Mag
Marietta
Maorris
Newport S.
Newport SE,
Newport W,
Perrin M,
Perrin Ranch
Past Dak
Riggs
Rusmag
Rusmag M.
Steed
Stoneman Bend
Wasoff
Wes-Mor
Wizard Wells

Aries
Boedecker
Bawie NE,
Bowie SE.
Eanes
Queen Peak
Stoneberg S,
Sunset

Belding Bend
Costello
Costello Nw,
Emory
Graford

APPENDIX 2

Plotted on plate XIX.

County

Parker

Stephens

Wise

Young

43

Field Mumber

T T S g g
bW LDy & W —

WD s WA

ds with a cumulative hydrocarbon production of 100,000 bbl. or more (oil plus gas equivalent).

Field Name

Harken
Johnston Gap
Mineral Wells
Mineral Welis N.
P. K. Park

Palo Pinto

Rife

Seaman

Strawn N,

Bethesda
Dicey

Meeker
Millsap E.
Poolvilla SW.
Springtown W,
Toto Bend

Bill Ray Atcka
Blackburn
Breckie
Delong
Donnell

Eloise Kay
Gourley
Haymore

Hill

lles Conglomerate
Jill

Jill N,

Jim Kern
Richels
William & Jack

Alvord

Alvord 8.
Ashe Ranch
Becknall
Bogy
Boonesville
Boonesville S,
Bridgeport
Caughlin
Chica W,
Crim Conglomerate
Leftwick

Miles Jackson
Morris

Nall S,
Paradise

Park Springs
Park Springs S.
Rhome

Risch E.
Sancree S.
Thetford
Tidwell
Younger W,

Beth
Bunger SW.
Jim-Ferd
Kendall
South Bend
Sweeney
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Plate IX. Strike cross section 2-2°,
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Plate X. Strike cross section 3-3°,

53






::::
\\\&Q:

o
il :

2\l 1
ERE
Eﬁc

) ‘u L] :_E.__E
a

yiaom 44

AT R s Iﬂtul.. vHIDand =HINE =

“Top sewing 2 1

s

PG
§ Fudn- L

..
_
2I6

ton

!me\
L
: n&( wor ® gi®
g

. Fudig nnwaw

g A
03 so|jog _

TP s ”VV

o

M-
dow
uolEIeT
wigl g1 & 0
-.-|>|-|_.|._.- §
wQ) [ 0
2035

0240 UDQIN O
HNod S[3M [DJBUIN-HnDd M

wnog _o"
‘BN|DA (WU

U025 (D40} HjDajauad Jou pIp lap  TeeeE

'Bo| 2149319 wosj paAlsp .I..../.
(D35QNS) UCHDARD [DINLINIIS UM jjapy  ores- [ _
(WIS} 1002 = iAsaLl inojuo) f-

183 Das : wnyo()
NOILVNVIdX3

54

03 Bunoy, i

Esse®

03 Jayuy

IIIIIIPlIII!IlIIIIIIFII

Houv vd10313 -¥3AIH O3

/ e “ousuay T e
\1-../:1 * 09 oIyIImM |
L
L G / ' | .
= v 4uv \n%u A\\ Mﬁﬂwis
/ F % d *
I

- = o .
e == = e
e - = ST — A i e e R T Tl EE = A e






dopw
uonoaoT

WG|

un anisusboylll exoly Jemoy ‘dew yoedosy “11x a1elg

55

%/v A..

-
v

x|.|«|....l

o)

HNDd SIIaM |DdaUi SHnog MmN

BN[OA DWW
1U014095 |00} BjoapauRd JOU PIP [[aM

‘B 21238 vo pasoq %






dow
[TH il |

wag S

m IS L AR

el 5 L8]

3035

0240 voqIN o

Hno4 \v\

‘anjoA jowivw

Jir

DG w:w:n».m

1

el

05 {ubiio)

.
quw onr ﬂ

E o -!

aad ol

oe® 1
e

al ﬂ._!._ux.uﬁ._mukk Lo
am®f

n * o o
= .

F

'S0d3p ooty 1°

n

*U011295 (040} Bj0Jjauad jou pIp [l ¢ a9 4
07y anbojuol B 3 By
Bo| 213408]a WO, PAALIRP .|...r./_ _ / ] ru_c W ey e
anjoA yondost ypm ag v C /.f\\ ;/ff,_ ‘ -
(W09} 1002 *150aysnos vy jdasxa (Y +.&ko W _ Etie
(WOE)HOOI = DAL InojuC) ﬂ/ %\.&n&, /./ ;
) . 03 Aopy ;\\-‘\u\.\\
NOILYNV1dX3 WA ~ 02 o1 |
HoHY vH103713 -H¥3A a3y
e —— — = s e Y
o e = e e —— e T

56





Hun snsueboyl exey temo; ‘dew BUOISPUBSIBN “AlX 81Blg

*]e] ..u.._auu_m

o el [ 7 e R
Od
\ e h o <
: x. ! T w7 Q* & h
L9 o
] h R : _
‘\\\\y OFt =4 ol o
\\ . 2 . L) . = f 7
ﬁ‘ \ \ I an® 00¢ s, i ey L R 3
I3 — iy r
yidom i i \ uLtu:_SS{\%n\A“\ o on o™ i) abpiuaysaig o . aﬂ
] 2 :, — a o
; .\ﬂ\iﬁ e h\ ._a.-uu.ﬁi 3&.1‘- , ot \J!W @t \ne. ..q. .
/(r[...\l.]a. dos & = e o ?f'\hﬁ\wl o o M
?\ T 00, N S wg Troiaigmod 380t e ot WO N e et < _
% e - < PRI S v1130-8¥4 L0lNld 0Tva E, " et . .
ﬂhﬂ\l I i w5 o ! .
ol /a e 40 o' - fosy 5 - i /a T o . ‘
. X . i - ot L b -~ . oy |

o H i ]
-fog,
o X3TdNGS 350
- e
.

onr g

uonoIeT

S T

WS o g o D
Pt ) .
oy < (o] \
ajoog = sl
o m—
0210 uDqIn O
HNDS SIBM [DIBUIN © NDS MW
linog >
. “ANIDA (DWW
"U011235 [040) Bjouauad jou pip o T
arvon o SOLIIPM WOl panup / e snbojuow O i _|au. e ot
a’” A > E - o S e
an o 1o s o G 23 Digam
- v X 3 e |

. |n.u|c ntE.\\
]
\ Tor A
ot e >\

57






dow
unyoI0T

waG|
P
o

D310 UDGIN O

HND4 S|fam |DJaUIN T HNDS MW

1U01403s |0}0} 34044auad Jou pIp |IBM

Bo| 214308)2 wouy panuap
BNJ0A UOISIWI)

(WGI) HOS = [oAsdUI inojue)
NOILYNVIdX3

e T

; Aouy vu10313 -H3IAM [¢kE-]






Hunqgns aneusboyyy  sineq, B40ly 4addn ‘dew BUOISpUES-IgN [AX o181y

ua_._!!.uu.mn
1 -
-~
s ] e T
w T
ors® T .
_ i
03 sojjog ~ -
‘. s e S ST

59

SYX3L \/
dow
uolpzoT

WS o g g

— T 3
o S o]
0ag

D240 uDqi) Qg

N0 b=
BN0A [DWIuw ‘uoyaas :
1040} 34044auad Jou PIp ||ap foes

1
“Bot 21149219 wouy paaiap ‘
= o Jayas
8NI0A 3UOISPUDS-|au yym [/ — / 03 anbojuogy © onaiuay ..|o[-.:|ah —_————
‘PAUSOP SauI| Jnojuoa i i
U0 140G [plusWalddng L " O ‘ &
G/ e : o 104

i

S—T Ty





VAL W e Y T e

e

Z

/
\n.

0J solyjog

g

SYXIL \M

rls dow
_ [11:151 o207

ws oo 5 0

—

ol S 1]
ajoag

D3JD UDQUN O J o g
-=. ;

]
g\
104 \4\ _ ‘_ SH5009P W
1

‘2NIoA jowiung
1U0ILI95 1010} BjoyBuad jou PIp Ll 0%

07 anbojuop
B0y o109 woyy panuep I

aN|DA BUOISPUDS-J3U YPM (oA 7P ( ‘
(W2)1S2 = [oAs3iU Jnopuo) & q ¢ S i
NOILYNY1dX3 f SN 0 ko _
r\#ﬁ? 7r |III.-I|I.I.|||.|1|||..rI|

.Iumq 5__.._,uu._u|w_m_>_m a3y

o
LITEIFTIETE

o3 ouyn

60





Hun oneusbouyyy exoly seddn ‘dew 8uUOlSBlWI-IaN “IIIAX 8iBld

03 JuJi0g 00 i3NIDd

&

|-|ﬁ.|o.mlm.ﬂ_mm.m|ru|aﬂa.. R
o \ /

\m\z 3 a“. wills

\ﬁ

L .
o, Lin H 4
- S (e 3 & a .
o ! ‘&/\o > 4 & o
o P o 5
af o
- Y #
o r @ paojsauioam” — o ‘ w o 7
O “ @ Stam & .
L -° o« o

dow
uolpaoT]

WG o < L8]

—

ol ] [#]
#jo00g

D240 UDqiny O r ’
Hno4 \v\ ‘ - _
‘an|oA jowiuw : ; '
fuo}o3s 040} a40utauad jou pip o O 7
L}

03 OHyIIM \

61





Val

o piopauDam ‘ 2Bpua2.5”
Ubiopg 14

SE T e -
® &
‘_ o_.,.u.o. 5
z
3 03 Ojuld 0|od * = 2 a%b i
. i By
] 5 ; - .jl]vbr%ru — TR |
03 sojjog _ ¥ ‘ e %El%\
T L S “ = 0
| : = |
1 % Mb
* ~ 1- i woynag® a§

62

___
|
|

03 bunog #
400Q4D3L SiN0IS (10 ; |

8261 woiy san|oa uoiyanposd A oWy o e s .. . o) yaop \‘

‘uoijoubisap
LAonbay Ecscu.. 0} 80P Sauino piaLy Joinbaus|
‘Pigid (sob puag) B|1ASAUCOY JO UOKDPYOSUOD ) g

‘2 Xipuaddo Ul PasI| sawou pary ‘

Joud uoissIwwe) pooujioy soxa wouj saulino plar4

"PRI213p 199000'001 uoy; s53) Jo
uoHaRpoId 3A1DINWND O YiM Spjal4

0240 upgin o _

QUL PI3Y UM Buine P31y /D __
666662 -000'001 [« O R ‘ 03 anboruop

66666 -000'062 77 _
866'666-000005

N

o a | 03 Jdsyduy
el ﬁ|-||:| |.|rmu|ma_m_m|¥.

s | [u]

A T Y sHod
- . ] LILFEIETY
4 NA
. . */ \au%uxrb) / m\ o L e
LS4 7r|| ’

4U210AIND3 506 Snjd 10 Jo sjals0g .Iumq qw_..._.uuu_u 1mu.>_.w_ EL]
NOILYNYI4X3







vs

EXPLANATION

Oatum: seo level
Contour interval = 20011 (61m)

~sess, Well with structurol elevotion (subsea)
derived from electric lag.

raure, Well did not penetrate total section;
minimol value

< Foult

M.W, Foult-Mineral Wells Foult

O Urban oreo

Scale
[ 5 1omi
—t
0 5 B iBkm

/l/{////)

iy
///”“//r

en mIVER-ELECTRA ARCH = ey




